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Description 

[0001] The present invention relates to autostereo- 
scopic directional display apparatuses. Such appara- 
tuses may be used to convert spatial and/or temporal 
infonmation into directional information, for instance so 
as to provide an autostereoscopic three dimensional 
display. 

[0002] Known three dimensional (3D) display appara- 
tuses which can create images of opaque moving ob- 
jects rely on creating the'perception of a 3D image to a 
human observer by displaying a number of two dimen- 
sional (2D) images. Each of the 2D images is a view of 
the object from a particular direction and is "replayed" 
in that direction. The accuracy and effectiveness of 
these 3D Images and the maximum display size and 
freedom of viewer location increase as the number of 
2D views displayed increases. 
[0003] Two known techniques for providing 3D dis- 
plays use lenticular methods and time multiplexed or se- 
quential methods. For effective operation, such systems 
must display a large number of 2D views of an object. 
In direct view lenticular systems, the maximum number 
of views is detemiined by the resolution of a spatial light 
modulator (SLM) used in the system whereas, in multi- 
ple projector systems, the maximum number of views is 
determined by the number of separate SLIVI's used. In 
time multiplexed systems, the frame rate of the SLM de- 
temnines the maximum number of views. 
[0004] With known arrangements, to display a large 
number of views, the maximum frame rates of practical 
available SLM's are Insufficient for time multiplexed dis- 
plays and the maximum resolution of presently available 
SLM's is insufficient for direct view lenticular methods. 
Multiple projector lenticular methods with a large 
number of SLM's are expensive and bulky. Thus, known 
3D display systems are incapable of or inconvenient for 
accurately providing a moving electronic opaque colour 
autostereoscopic 3D Image from a range of perspec- 
tives. 

[0005] GB 2 267 579 and EP 0 570 1 79 discloses time 

multiplexed and spatially multiplexed systems, and a 
system which combines spatial and temporal multiplex- 
ing to provide a 3D display with a larger number of views. 
However, the maximum resolution and frame rate of cur- 
rently available SLM's limit the number of views that can 
be displayed. 

[0006] A known 3D display technique uses a beam 
combiner and polarising techniques to provide a 3D im- 
age which is limited to two views. However, this tech- 
nique is not autostereoscopic but is stereoscopic, I.e. 
the observer has to wear polarising glasses in order to 
see the 3D effect. 

[0007] GB 2 1 85 825A discloses an autostereoscopic 
display in which two 2D views are imaged by a concave 
spherical mirror at the eyes of an observer. 
[0008] GB 2 066 503A discloses an image projection 
system which may be used as an autostereoscopic dis- 
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play by projecting 2D views onto a lenticular screen. Im- 
ages of the 2D views are formed on the faces of cathode 
ray tubes and are projected by projection lenses. The 
projected images are combined by a beam splitter and 

5 a mirror and are imaged onto the lenticularscreen which 
provides parallax so that different eyes of an observer 
see different 2D views. 

[0009] GB 2 206 763A discloses a 3D display in which 
2D images are supplied in sequence to a SLM. A con- 
10 trolled light source behind the SLM causes each of the 
2Dnnnageslo~be vTsiblelfrom aTespectlve di'rectionlior-' 
responding to the direction from which the 2D image 
was captured. 

[0010] GB 1 346 915 discloses a directional display 
15 device in which arrays of globular lenses are used to 
permit viewing of spatially multiplexed Images In respec- 
tive directions. By using suitably photographed 2D 
views and by Interlacing elements of the views below 
the tenses, It is possible to provide an autostereoscopic 
20 display. 

[0011] GB 1 121 097 discloses a 3D picture which Is 
provided by techniques similar to those diisclosed in GB 
1 346 91 5 but using concave reflectors instead of the 
globular lenses. EP 0 262 955A discloses an autoster- 

25 eoscopic display in which Images are formed by control- 
lable light sources, for Instance in the fomri of a liquid 
crystal display (LCD). A lenticular screen Is disposed on 
the LCD to provide parallax so that two 2D views are 
seen by respective eyes of an observer. 

30 [0012] WO 79/00308 discloses an apparatus for pro- 
ducing a 3D image in which several cathode ray tubes 
display cross-sections of a scene at different depths. A 
set of beam splitters and lenses are arranged to stack 
the 2D images of these cross-sections at different posi- 

35 tions along a common optical axis so as to give a rep- 
resentation of a 3D image. 

[0013] US 4 623 223 discloses an autostereoscopic 
display in which two 2D views are reflected by plane mir- 
rors onto a spherical concave mirror. The concave mir- 

40 ror forms real images of the 2D views which can be 
viewed by respective eyes of an observer. 
[0014] According to the invention, there is provided 
an autostereoscopic display apparatus as defined in the 
appended Claim 1. 

45 [0015] Preferred embodiments of the invention are 
defined in the other appended claims. 
[0016] Such an apparatus may be used as a 3D dis- 
play apparatus to provide a relatively large number of 
2D views. Alternatively, such an apparatus may be used 

50 In other applications, for instance to provide a sign dis- 
playing different infomnation when viewed in different di- 
rections. 

[0017] It is thus possible to provide optical devices 
which may be used in direct view display systems and 
55 which combine a number of displays. It is also possible 
to produce a larger range of viewing positions and a 
large number of separate observers. No viewing aids 
are necessary to see the 3D effect, i.e. the display is 
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autostereoscopic. Furthermore, known image capture 
techniques may be used so that colour, movement and 
opaque images may ail be displayed. 
[0018] The invention will be further described, by way 
of example, with reference to the accompanying draw- 
ings, in which: 

Figure 1 is a diagrammatic plan view of a 3D display 
using temporal multiplexing and constituting a first 
embodiment of the invention; 

Figures 2 and 3 are diagrammatic plan views illus- 
trating operation of the display of Figure 1 ; 

Figure 4 Is a diagrammatic plan view of a 3D display 
using spatial multiplexing and constituting a second 
embodiment of the invention; 

Figures 5 and 6 are diagrammatic plan views illus- 
trating operation of the display of Figure 4; 

Figures 7 and 8 are diagrammatic plan views of 3D 
displays using temporal and spatial multiplexing 
and constituting third and fourth embodiments, re- 
spectively, of the invention; 

Figures 9 and 1 0 are diagrammatic plan views of 
3D displays constituting fifth and sixth embodi- 
ments, respectively, of the invention. 

Figure 11 is a diagrammatic plan view of a 3D dis- 
play using a single illumination arrangement and 
constituting a seventh embodiment of the invention; 

Figure 12 is a diagrammatic plan view of a display 
of the type shown in Figure 11 modified to fonri an 
eighth embodiment of the invention; 

Figure 1 3 Is a diagrammatic plan view of a 3D dis- 
play using folded light paths and constituting a ninth 
embodiment of the invention; 

Figure 14 is a diagrammatic plan view of a 3D dis- 
play having a compact illumination system and con- 
stituting a tenth embodiment of the Invention; 

Figures 1 5a to 1 5c illustrate operation of the display 
of Figure 14; 

Figure 16 illustrates the appearance of tilted view- 
ing windows produced by the display of Figure 11 ; 

Figure 1 7 is a diagrammatic plan view of a 3D dis- 
play using a single illumination arrangement and 
constituting an eleventh embodiment of the inven- 
tion; 

Figure 1 8 illustrates the appearance of viewing win- 



dows produced by the display of Figure 1 7; 

Figure 1 9 is a diagrammatic plan view of a 3D dis- 
play using autocollimating screens and constituting 
5 a twelfth embodiment of the invention; 

Figure 20 is a diagrammatic plan view of a 3D dis- 
play using angular amplifying screens and consti- 
tuting a thirteenth embodiment of the invention; and 

10 

Figure 21 is a diagrammatic side view of a 3D dis- 
play constituting a fourteenth embodiment of the in- 
vention. 

IS [0019] Like reference numerals refer to like parts 
throughout the drawings. 

[0020] The 3D display shown in Figure 1 comprises a 
first autostereoscopic display arrangement comprising 
a plurality of light sources 1 and a control circuit 2 for 

20 sequentially illuminating the light sources 1 . Four light 
sources 1 are shown spaced apart laterally with a pitch 
which is substantially equal to the lateral width of each 
of the light sources 1 . An optical system shown in the 
drawing as a lens 3 Is disposed between the light sourc- 

25 es 1 and a spatial light modulator (SLM) 4. Alternatively, 
the SLM 4 may be disposed between the light sources 
1 and the lens 3 and adjacent the lens 3. 
[0021] The SLIVl 4 may comprise a liquid crystal de- 
vice and is arranged to display a plurality of 2D views in 

30 sequence such that each view is illuminated by a re- 
spective one of the light sources 1. The 2D views are 
thus visible from different angles corresponding to the 
angles at which the views were recorded during image 
capture. 

35 [0022] The display further comprises a second auto- 
stereoscopic display an-angement comprising a plurality 
of light sources 5, a control circuit 6, a lens 7, and an 
SLM 8 whrch are substantially identical to the light sourc- 
es 1 , the control circuit 2, the lens 3, and the SLM 4. 

40 respectively. 

[0023] The views from the two temporally multiplexed 
display arrangements are combined by means of an op- 
tical combining system shown in the drawing as a beam 
splitter 9. The views reproduced by the SLM 4 are trans- 

45 mitted through the beam splitter 9 towards an observer 
1 0 whereas the views from the SLM 8 are reflected by 
the beam splitter 9 towards the observer 10. Figure 2 
illustrates the directions In which the views from the two 
temporally multiplexed display arrangements are pro- 

50 jected towards the beam splitter 9. Figure 3 shows the 
apparent light source positions and directionality as per- 
ceived by the obsen/er 1 0 via the beam splitter 9. Each 
3D image component fills a defined range of image out- 
put angles with the components from the two display ar- 

55 rangements being Interlaced with each other so that a 
laterally continuous spread of light emerges from the 
display. A reconstnjction of the 3D image is thus ob- 
served over a continuous range of angles by a suitably 
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positioned observer 10. 

[0024] The 2D images reproduced by means of the 
SLM 8 are laterally inverted by the beam splitter 9. Com- 
pensation for this may be provided by laterally Inverting 
the 2D views in the SLM 8. 

[0025] The beam splitter 9 may comprise any device 
or system which Is capable of perfomriing the optical 
combining function. For instance, the beam splitter 9 
- may comprise a partially silvered mirror. Alternatively, in- 
order to reduce the absorption of Incident light caused 
by metallic coatings, all-dielectric non-polarising coat- 
ings may be used. However, such coatings are usually 
designed for particular wavelengths and may thus be of 
limited application, A hybrid metal-dielectric coating 
combines the benefits of metals and dielectrics to pro- 
vide a beam splitter of moderate absorption, low polar- 
isation sensitivity, and good broadband spectral flat- 
ness. 

[0026] Figure 4 shows a display which comprises two 
spatially multiplexed display arrangements in place of 
the temporally multiplexed display arrangements of Fig- 
ure 1 . The SLM's 4 and 8, the beam splitter 9, and the 
observer 10 correspond to those shown In Figure 1. 
However, the SLM 4 is Illuminated by means of a diffuse 
light source 11 and the modulated light emerging from 
the SLM 4 passes through a lenticular screen 12 which 
comprises a plurality of piano-cylindrical converging 
lenticules disposed with a regular lateral pitch. Similarly, 
a diffuse light source 13 and a lenticular screen 14 are 
provided for the SLM 8. 

[0027] Each of the SLM's 4 and 8 simultaneously pro- 
duces a plurality of interlaced 2D views made up of thin 
vertical picture elements. A plurality of such picture el- 
ements from different views is displayed behind each of 
the lenticules of the screens 12 and 14 as illustrated in 
Figure 5. These views are combined by the beam splitter 
9 so as to give an apparent picture element position and 
directionality as Illustrated In Figure 6. Thus, as In the 
embodiment of Figure 1 , the reconstructed 3D Image is 
observed over a continuous range of angles by a suita- 
bly positioned observer. 

[0028] In order to increase the number of available 
views, the techniques of spatial and temporal multiplex- 
ing may be combined as illustrated in the display of Fig- 
ure 7. The light sources 1 and 5, the control circuits 2 
and 6, the lenses 3 and 7, and the beam splitter 9 are 
the same as shown in Figure 1 . However, the SLM's 4 
and 8 of Figure 1 are replaced by hybrid sandwiches 20 
and 21 of the type disclosed in GB 2 267 579 and EP 0 
570 179. For instance, each of the hybrid sandwiches 
comprises a first lenticular screen having a first lenticu- 
lar pitch, an SLM, a diffuser, and a second lenticular 
screen having a second lateral pitch which Is greater 
than the first pitch. 

[0029] The pitch of the second lenticular screen is 
substantially equal to an integer multiple of the pitch of 
the first screen. 

[0030] The light sources 1 and 5 are illuminated se- 



quentially by the control circuits 2 and 6 and Image In- 
fonnatlon Is supplied sequentially to the SLM's of the 
hybrid sandwiches 20 and 21 in synchronism with the 
Illumination. Each "frame" of image information supplied 
5 to the SLM's comprises a plurality of images which are 
spatially multiplexed as described with reference to the 
embodiment of Figure 4. The Individual 2D views are 
therefore reproduced over angular ranges in directions 
— which correspond to the directions from which the views 
10 were recorded during image capture and the beam split- 
ter 9 combines the views so that the observer 10 can 
observe the 3D image over a continuous range of an- 
gles. 

[0031] The displays shown in Figures 1 to 7 each 
15 comprise a single beam splitter 9 cooperating with two 
display arrangements to increase the number of 2D 
views which can be provided to form a composite 3D 
Image. However, a plurality of beam splitters may be 
provided and the display shown in Figure 8 comprises 
two beam splitters 9 and 29 with three display arrange- 
ments of the combined spatial and temporal multiplex- 
ing types shown in Figure 7. The third display arrange- 
ment comprises light sources 31 , a control circuit 32, a 
lens 33, and a hybrid sandwich 34 which are substan- 
tially Identical to the light sources 1 , the control circuit 
2, the lens 3, and the hybrid sandwich 20, respectively. 
The views from the hybrid sandwich 20 are transmitted 
directly through the beam splitters 9 and 29 to the ob- 
server 1 0. The views from the hybrid sandwich 21 are 
reflected by the beam splitter 9 and transmitted through 
the beam splitter 29 to the observer 1 0. The views from 
the hybrid sandwich 34 are reflected by the beam splitter 
29 towards the observer 10. It is therefore possible to 
provide a larger number of 2D views to form the com- 
posite 3D Image. 

[0032] Figure 9 shows a 3D display of relatively sim- 
ple type for providing two views. The display of Figure 

9 resembles that of Figure 1 but differs in that the light 
sources 1 and 5 and the control circuits 2 and 6 are re- 
placed by continuously illuminated light sources 41 and 
42. 

[0033] Figure 10 shows a 3D display which is similar 
to that of Figure 9 but which includes a further beam 
splitter 29, lens 43, and SLM 44. The display of Figure 

10 has three continuously illuminated light sources 51 , 
52, and 53 and provides three views. The light sources 
51 , 52, and 53 are arranged such that the light source 
52 is on the axis of the lens 43 whereas the light sources 
51 and 53 are displaced from the axes of the lenses 3 
and 7, respectively, so that the light beams leaving the 
beam splitter 9 are laterally contiguous with each other. 
[0034] The display shown in Figure 11 differs from that 
shown in Figure 1 in that the light sources 5 and the 
control circuit 6 are omitted and a beam splitting ar- 
rangement is provided so as to divide the light from the 
light sources 1 (only two shown in Figure 11) so as to 
illuminate both SLM's 4 and 8. Lightfrom the light sourc- 
es 1 is divided by a beam splitter 56, for instance of the 
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same type as the beam splitter 9, into a transmitted 
beam and a reflected beam. The transmitted beam Is 
reflected by a mirror 57 towards the lens 3 (for Instance 
of the Fresnel type) and the SLI\^ 4. The reflected beam 
Is reflected by a mirror 58 towards the lens 7 and the 
SLM 8. The beam splitter 56 Is an-anged to divide the 
light into the two beams of equal Intensities. The min-ors 

57 and 58 are not exactly parallel; one is at a slight an- 
gle, for instance approximately 5"", with respect to the 
other. Thus, each light source 1 gives rise to two appar- 
ent light sources being imaged at the eyes of the ob- 
server 10 with the appropriate interocular separation 
therebetween after recombination by the beam splitter 
9. 

[0035] This arrangement provides a simplified display 
by eliminating one control circuit and set of light sources. 
Further, problems associated with matching the light 
sources 1 and 5 of Figure 1 In temis of colour matching 
are avoided. The total size and complexity of the display 
can also be reduced by adopting the single illumination 
system shown in Figure 11 . 

[0036] A disadvantage of the display shown in Figure 

1 1 compared with that of Figure 1 is that half the amount 
of light Is provided because half the number of sources 
are provided. This can be compensated by means of the 
embodiment shown in Figure 12. The display of Figure 

12 differs from that of Figure 11 in that the beam splitter 
36 is of the polarising type and divides the light Into two 
orthogonal polarisation components as Indicated by the 
arrows 59 and 60. The SLM's 4 and 8 are of the liquid 
crystal display (LCD) type incorporating polariser sheets 
which are arranged to be orthogonal to each other Fur- 
ther, the beam splitter 9 is of the polarisation sensitive 
type, so that substantially all of the light propagating 
through the apparatus is directed towards the observer 
10. 

[0037] The display shown in Figure 12 can be viewed 
only from the direction of the observer 10, whereas the 
display of Figure 1 1 can also be viewed from the observ- 
er position Indicated at 10'. For many applications, this 
is not a disadvantage whereas the increased brightness 
provided by the display of Figure 12 is an advantage. 
[0038] The embodiments of Figures 11 and 12 may 
be modified by omitting the control circuit 2 and provid- 
ing a single light source 1 so as to provide two 2D views. 
[0039] The display shown in Figure 13 is similar to the 
display shown in Figure 1 but employs folded light paths 
for illuminating the SLM's 4 and 8 using mirrors 57 and 

58 arranged as shown In Figure 11 . The display of Fig- 
ure 13 further differs from that shown in Figure 1 in that 
the light sources 1 and 5 are replaced by diffuse light 
sources 42 and 44 disposed behind LCD shutters 63 
and 64. The shutters are controlled by a control circuit 
of the type shown at 2 and 6 in Figure 1 and operating 
in the same way so as to provide effectively a plurality 
of light sources which are illuminated in turn. 

[0040] By folding the light paths from the light sources 
to the SLM's 4 and 8 as shown in Figure 13, it Is possible 



to provide a relatively compact display. By using two 
light sources, the brightness of the display can be In- 
creased with respect to the display shown in Figure 11 . 
[0041 ] The LCD shutters 63 and 65 may be of the fer- 

5 roelectric liquid crystal, twisted nematic, or super-twist- 
ed nematic type so as to provide light of polarisations 
which match input polarisers of the SLM's 4 and 8, re- 
spectively. For instance, the output polarisation of the 
shutter 63 and the Input polarisation of the SLM 4 may 

10 be -45'' whereas the output polarisation of the shutter 
65 and the input polarisation of the SLM 8 may be +45*. 
Such an arrangement minimises the light loss occurring 
because of the use of LCD shutters. 
[0042] The display shown In Figure 1 4 resembles that 

15 shown In Figure 4 In that it comprises SLM's 4 and 8, a 
beam combiner 9, diffuse light sources for instance in 
the fomi of light boxes 1 1 and 1 3, and lenticular screens 
1 2 and 1 4. However, the display of Figure 1 4 differs from 
that of Figure 4 in that the lenticular screens 12 and 14 

20 are disposed between the SLM's 4 and 8 and the light 
sources 11 and 13 and in that parallax barriers 68 and 
69 are disposed in the object planes of the lenticular 
screens 12 and 14, respectively. In the arrangement 
shown In Figure 14 employing two SLM's 4 and 8, the 

25 parallax bamers 68 and 69 have marlc/space ratios of 
1 :1 i.e. the barriers comprise parallel slits whose widths 
are equal to the opaque strips defining the slits. 
[0043] Operation of the display shown in Figure 14 is 
illustrated In Figures 15a to 15c. Figure 15a illustrates 

30 the light beams 70 produced by a typical lentlcule of the 
screen 12. Light emanating from four of the slits of the 
parallax barrier 68 adjacent the lentlcule are imaged by 
the lentlcule at observer locations. Figure 15b Is a sim- 
ilar view showing the light beams 71 produced by the 

35 lenticular screen 1 4. Again , the slits of the barrier 69 are 
imaged at observer locations. 
[0044] The positions of theslits of the parallaxbamers 
68 and 69 In relation to the lenticular screens 12 and 14 
are such that the beam combiner 9 produces a light out- 

40 put pattern as illustrated in Figure 15c. Thus, the light 
beams 70 and 71 are interlaced with each other and the 
slits of the parallax bamers 68 and 69 are imaged at the 
observer locations with an effective pitch 72 equal to the 
average interocular separation. 

45 [0045] The illumination system of the display of Figure 
14 is compact and therefore permits a relatively com- 
pact display to be provided. Further, the design of the 
lenticular screens 12 and 14 is substantially Independ- 
ent of that of the SLM's 4 and 8. In particular, the pitches 

50 of the lenticules of the screens 1 2 and 1 4 may be much 
greater than the pitches of the pixels of the SLM's 4 and 
8, thus relieving potential problems with Moire fringing, 
loss of alignment, and manufacturing tolerances of the 
lenticular screens. For example, the lenticular screens 

55 may have a pitch of 3 mm and the parallax barriers may 
have a pitch of nominally 3 mm with 1 .5 mm blackstripes 
spaced in the object plane of the screens such that an 
image of each parallax barrier is f ornied at the observer 
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10. The actual pitch of the parallax barrier is controlled 
so that "windows" are generated at the observer 1 0 f ronn 
the entire screen, 

[0046] As In the case of the other embodinnents of the 
invention, the lenticular screens maybe replaced by mi- 5 
crolens screens to provide both vertical and horizontal 
parallax. 

[0047] The display shown in Figure 11 has a single 
Illumination arrangement, which may comprise one light 
- source-1 -as -shown In Figure 17 or a plurality-of light-^ w- 
sources as shown in Figure 11, and together with the 
beam splitter 36 generates two apparent illumination ar- 
rangements. The images of the illumination arrange- 
ments have to be split in order for the observer 1 0 to see 
two "windows", each modulated by a respective SLM 4 is 
or 8. The arrangement shown in Figure 11 achieves this 
by providing relative tilts between the mirrors 37 and 38. 
However, such an arrangement provides windows as 
shown at 75 and 76 for the left and right eyes of the 
observer in Figure 1 6. The windows 75 and 76 abut at 20 
one height, above which they overlap and below which 
there is a dark space therebetween. This can cause un- 
wanted artifacts in the perceived 3D image. 
[0048] Figure 17 shows a display which is similar to 
that shown in Figure 11 . However, the display of Figure 25 
1 7 provides a single light source 1 and each of the SLM's 
4 and 8 provides a single view. Further, the mirrors 57 
and 58 are parallel to each other. In Figure 11 , the axis 
of each lens 3 and 7 and the axis of the respective dis- 
play coincide. However, In the display of Figure 1 7, the 3o 
axis 77 of the lens 3 is laterally displaced from the dis- 
play axis 78 and the axis 79 of the lens 7 is laterally 
displaced from the display axis 80 in order to split the 
Images of the Illuminator 1 at the observer 1 0. This pro- 
vides windows 81 and 82 which, as shown In Figure 1 8, 35 
are parallel to each other and, by appropriate choice of 
geometry, can be made to be contiguous along their ad- 
jacent edges 83. 

[0049] Although the display of Figure 1 7 has a single 
light source 1 and provides two views, It may have a 40 
plurality of light sources and provide more than two 
views as in thecase of the display of Figure 11 , Similarly, 
the display of Figure 1 1 may be modified to have a single 
light source and to provide two views. 
[0050] Figures 1 9 and 20 show displays of the type ^5 
shown in Figure 9 but which the lenses 3 and 7 replaced 
by alternative optical elements. In the display of Figure 
19, the lenses are replaced by autocolllmating screens 
85 and 86. Each autocolllmating screen comprises an 
array of lenticules or microlenses of equal focal length, so 
In particular, the screens 85 and 86 each comprise first 
and second lenticular screens or microlens arrays hav- 
ing plain surfaces which abut against each other and 
with the focal lengths of the lenticules or lenses being 
the same. Thus, the autocolllmating screens 85 and 86 ss 
are optically equivalent to the lenses 3 and 7 in the dis- 
play of Figure 9. Accordingly, the windows 87 produced 
by Imaging the light sources 41 and 42 at the observer 



1 0 are of substantially the same size as the light sources 
41 and 42. 

[0051] In the display shown in Figure 20, the autocol- 
llmating screens are replaced by angular amplifying 
screens 88 and 89. Each of the screens 88 and 89 com- 
prises first and second screens of the same types as for 
the screens 85 and 86 in Figure 19, but with the screen 
nearer the respective light source having a larger focal 
length than that of the screen nearer the SLM. The effect 
- of substituting the angular amplifying screens 88 and 89 
for the autocolllmating screens 85 and 86 is to produce 
windows 90 at the observer which are larger than the 
light sources 41 and 42. 

[0052] Each of the screens 85, 86, 88, and 89 may 
have a diffuser located between the arrays of lenses or 
lenticules. Also, the light sources 41 and 42 may be re- 
placed by a plurality of light sources of the type shown 
at 1 and 5 In Figure 1 and the SLM's 4 and 8 may provide 
temporarily multiplexed views. Further, the autocolllmat- 
ing screens or angular amplifying screens may be sub- 
stituted in place of the lenses 3 and 7 in any of the other 
embodiments described herein and shown in the ac- 
companying drawings. The use of angular amplifying 
screens allows the use of smaller light sources or small- 
er illumination shutter SLM's where such devices define 
the light sources, and may have advantages in terms of 
cost and compactness. 

[0053] The display shown in Figure 21 is of the same 
type as the display shown in Figure 9. However, the dis- 
play of Figure 21 differs in the orientation of the various 
elements. Thus, the SLM 4 is arranged vertically where- 
as the SLM 8 is arranged horizontally, as opposed to the 
display of Figure 9 and alt of the other embodiments in 
which the SLM's are all arranged vertically. Similarly, 
one or more of the SLM's in all of the other embodiments 
may be arranged horizontally, should such a configura- 
tion be preferable in any application. 
[0054] Displays of the type shown in the drawings 
may be used in 3D television , 3D computer aided design 
and graphics, 3D medical imaging, virtual reality, and 
computer games. By providing an Increased number of 
2D views to make up the 3D image, the accuracy and 
effectiveness of the 3D images can be increased and 
the maximum display sizes and freedom of viewer loca- 
tion can be increased. Further, moving opaque colour 
autostereoscopic 3D images from a range of perspec- 
tives may be reproduced. 



Claims 

1 . An autostereoscopic display apparatus comprising 
a plurality of displays and an optical combining sys- 
tem (9, 29) for combining the outputs of the dis- 
plays, characterised in that each of the displays 
comprises a light source (1 , 5, 11, 13, 31 , 41, 42, 
51-53, 56-58, 62, 64), a light-transmissive spatial 
light modulator (4, 8, 20, 21, 34, 44) arranged to 
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modulate light from the light source (1,5,11,12,31, 
41 , 42, 51 -53, 62, 64) with an image to be viewed, 
and a lens arrangement (3, 7, 12, 14, 20, 21, 33, 
34, 43, 85, 86, 88, 89) disposed adjacent the spatial 
light modulator (4, 8, 20, 21 , 34, 44) and arranged 
to image the light source (1, 5, 11, 13, 31, 41, 42, 
51-53, 56-58, 62, 64) at a viewing window (87, 90) 
at an observer location (10) via the optical combin- 
ing system (9, 29). 

2. An apparatus as claimed in Claim 1 , characterised 
in that the light sources of the displays comprise a 
common light source (1 ), a beam splitter (56) for di- 
viding light from the common light source (1) into a 
plurality of beams, and at least one reflector (57,58) 
for reflecting a respective one of the beams towards 
the spatial light modulator (4, 8) of a respective one 
of the displays. 

3. An apparatus as claimed in Claim 2, characterised 
in that each of the displays has an optical axis (78, 
80) and each of the lens arrangements (3, 7) has 
an optical axis (77, 79) which is laterally displaced 
from the optical axis (78, 80) of the respective dis- 
play. 

4. An apparatus as claimed in Claim 1 , characterised 
in that, for each of the displays, the light source 
comprises a diffuse light source (11, 13), the lens 
arrangement comprises an array (12, 14) of lenses, 
and a parallax barrier (68, 69) is disposed between 
the light source (11, 13) and the array (12, 14) of 
lenses in an object plane of the array (12, 14) of 
lenses. 

5. An apparatus as claimed in Claim 1 , characterised 
In that each of the lens arrangements comprises 
an autocollimating screen (85, 86). 

6. An apparatus as claimed in Claim 1 , characterised 
in that each of the lens arrangements comprises 
an angular amplifying screen (88, 89). 

7. An apparatus as claimed in any one of the preced- 
ing claims, characterised in that each of the dis- 
plays is a single view display. 

8. An apparatus as claimed in Claim 7, characterised 
In that, for each of the displays, the light source (1 , 
5, 11, 13, 31, 41, 42, 51-53, 62, 64) comprises a 
single light source and the spatial light modulator 
(4, 8, 44) is arranged to modulate light with an image 
representing a view from a single predetermined di- 
rection. 

9. An apparatus as claimed in any one of the preced- 
ing claims, characterised In that, for each of the 
displays, the spatial light modulator (4, 8, 20, 21, 



34, 44) is disposed between the lens arrangement 
(3,7, 12, 14. 20,21,33, 34, 43, 85, 86.88, 89) and 
the optical combining system (9, 29). 

5 

PatentansprGche 

1 . Autostereoskopische Anzeigevorrichtung mit meh- 
reren Anzeigevorrichtungen und einem optischen 

10 Kombiniersystem (9, 29) zum Kombinieren der Aus- 
gangsbilder der Anzeigevorrichtungen, dadurch 
geicennzeichnet, dass jede der Anzeigevonich- 
tungen Folgendes aufweist: eine Ltchtquelle (1,5, 
1 1 , 1 3. 31 . 41 . 42, 51 - 53, 56 - 58, 62. 64). einen 

IS lichttransmissiven Raumlichtmoduiator (4, 8, 20, 
21 , 34, 44), der so angeordnet ist, dass er Licht von 
derLichtquelle(1,5, 11, 12,31,41,42.51 -53,64) 
mIt einem zu betrachtenden Bild moduliert, und ei- 
ne LInsenanordnung (3, 7, 12, 14, 20, 21, 33, 34, 

20 43, 85, 86, 88, 89), die benachbart zum Raumlicht- 
moduiator (4, 8, 20, 21 , 34, 44) angeordnet ist und 
so ausgebildet ist, dass sie die Lichtquelle (1 , 5, 11 . 
1 3, 31 , 41 , 42, 51 - 53, 56 - 58, 62, 64) am Ort eines 
Betrachters (10) uber das optische Kombiniersy- 

2s stem (9, 29) In einem Betrachtungsfenster (87, 90) 
abbildet. 

2. Vorrichtung nach Anspruch 1, dadurch gelcenn- 
zeichnet, dass die Lichtquellen der Anzeigevor- 

30 richtungen eine gemeinsame Lichtquelle (1 ), einen 
Strahlteiler (56) zum Aufteilen des LIchts von der 
gemeinsamen Lichtquelle (1) in mehrere strahlen 
und mindestens einen Reflektor (57, 58) zum Re- 
flektieren eines jeweiilgen der Strahlen zum Raum- 

35 lichtmodulator (4, 8) einer jeweiligen der Anzeige- 
von'ichtungen aufweisen. 

3. Vorrichtung nach Anspruch 2, dadurch gelcenn- 
zeichnet, dass jede der Anzeigevorrichtungen ei- 

40 ne optische Achse (78, 80) aufweist und jede der 

Linsenanordnungen (3, 7) eine optische Achse (77, 
79) aufweist, die in Querrichtung gegen die opti- 
sche Achse (78, 80) der jeweiligen Anzeigevon^ich- 
tung versetzt ist. 

45 

4. Vorrichtung nach Anspruch 1, dadurch gei(enn- 
zeichnet, dass die Lichtquelle, fCir jede der Anzei- 
gevomchtungen, eine Streu lichtquelle (11 , 13) auf- 
weist, die LInsenanordnung ein Array (12, 14) von 

so Linsen aufweist, und zwischen der Lichtquelle (11 , 
13) und dem An'ay (12, 14) von Linsen eine Paral- 
laxesperre (68, 69) in einer Objektebene des Arrays 
(12, 14) von Linsen angeordnet ist. 

S5 5. Vom'chtung nach Anspruch 1, dadurch gekenn- 
zeichnet, dass jede der Linsenanordnungen einen 
Autokoliimationsschirm (85, 86) aufweist. 
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6. Vorrichtung nach Anspruch 1, dadurch gekenn- 
zelchnet, dass jede der LInsenanordnungen einen 
WInkeiverstarkungsschirm (88. 89) aufwelst. 

7. Vorrichtung nach einem der vorstehenden Anspru- 
che, dadurch gekennzeichnet, dass jede der An- 
zeigevorrichtungen eine solche fiir eine einzelne 
Ansicht ist. 

.8. - Vorrichtung nach_ Anspruch 7, dadurch gekenn- 
zeichnet, dass die Lichtqueile (1 . 5, 11 , 13, 31 , 41 , 

42, 51 - 53, 62, 64), fiir jede der Anzelgevorrichtun- 
gen, eine EInzelllchtquelle aufweist und der Raum- 
lichtmodulator (4, 8, 44) so ausgebildet ist, dass er 
Licht mit einem Bild moduliert, das eine Ansicht aus 
einereinzelnen vorbestlnnmten Richtung reprasen- 
tiert. 

9. Vorrichtung nach einem der vorstehenden Anspru- 
che, dadurch gekennzeichnet, dass der Raum- 
lichtmodulator (4, 8. 20, 21 , 34. 44), fiir jede der An- 
zeigevorrichtungen, zwischen der Linsenanord- 
nung (3, 7, 12. 14, 20, 21, 33, 34, 43, 86, 86. 88, 
89) und dem optischen Kombiniersystem (9, 29) an- 
geordnet ist. 



Revendications 

1 . DIspositif d'affichage autostereoscopique compre- 
nant une plurality de dispositlfs d'affichage et un 
systeme de combinaison optique (9, 29) pour com- 
biner les sorties des dispositifs d'affichage, carac- 
t^rlse en ce que chacun des dispositifs d'affichage 
comprend une source de lumiere (1 , 5, 11 , 13, 31 , 
41 , 42, 51 a 53, 56 ^1 58, 62, 64), un modulateur de 
lumiere spatial a transmission de lumldre (4, 8, 20, 
21 , 34, 44) con9u pour moduler une lumiere prove- 
nant de la source de lumiere (1, 5, 11 , 12, 31 , 41 , 
42, 51 a 53, 62, 64) avec une Image a visualiser, et 40 
un assemblage de lentille (3, 7, 12, 14, 20, 31 , 33, 
34, 43, 85, 86, 88, 89) dispose de manlere adjacen- 
te au modulateur de lumiere spatial (4, 8, 20, 21, 

. 34, 44) etcongu pour fomrier une image de la source 
de lumiere (1,5, 11, 13,31,41,42,51 ^53,56^ 45 
58, 62, 64) dans une fen&tre de visuaiisation (87, 
90) situee a une position d'observateur (1 0) par I'in- 
term6dialre du systfeme de combinaison optique (9, 
29). 

50 

2. DIspositif selon la revendication 1 , caracterise en 
ce que les sources de lumiere des dispositifs d'af- 
fichage comprennent une source de lumiere com- 
mune (1), un separateur defalsceaux (56) pourdi- 
viser une lumiere provenant de la source de lumiere 55 
commune (1) en une plurality de faisceaux, et au 
moins un r6flecteur (57, 58) pour r6fl6chir un res- 
pectif des faisceaux vers te modulateur de lumi&re 



spatial (4, 8) d'un respectif des dispositifs d'afficha- 
ge. 

3. DIspositif selon la revendication 2, caracterise en 
5 ce que chacun des dispositifs d'affichage comporte 

un axe optique (78, 80) et chacun des assemblages 
de lentille (3. 7) comporte un axe optique (77, 79) 
qui est d6plac6 lat6ralement ^ partir de I'axe optique 
(78, 80) du dispositif d'affichage respectif. 



4. blspositlf seion'ta revendication 1, caracterise en" 
ce que, pour chacun des dispositifs d'affichage, la 
source de Iumi6re comprend une source de lumifere 
dlffus6e(11, 13), rassembiage de lentille comprend 

15 un reseau de lentllles (1 2, 14), et un 6cran de cor- 
rection de parallaxe (68, 69) est dispose entre la 
source de lumiere (11, 13) et le reseau de lentllles 
(12, 14) dans un plan objet du r6seau de lentllles 
(12, 14). 

20 

5. Dispositif selon la revendication 1 , caracterise en 
ce que chacun des assemblages de lentille com- 
prend un 6cran d'autocollimation (85, 86). 

6. DIspositif selon la revendication 1, caracterise en 
ce que chacun des assemblages de lentille com- 
prend un 6cran d'amplification angulaire (88, 89). 

7. Dispositif selon Tune quelconque des revendica- 
tions precedentes, caracterise en ce que chacun 
des dispositifs d'affichage est un dispositif de visua- 
lisation simple. 

8. Dispositif selon la revendication 7, caracterise en 
ce que, pour chacun des dispositifs d'affichage, la 
source de lumidre (1 , 5, 11 , 13, 31 , 41 , 42, 51 a 53, 
62, 64) comprend une source de lumiere simple et 
le modulateur de Iuml6re spatial (4, 8, 44) est congu 
pour moduler une lumiere avec une Image repre- 
sentant une vue a partir d'une seule direction pre- 

9. DIspositif selon I'une quelconque des revendica- 
tions precedentes, caracterise en ce que, pour 
chacun des dispositifs d'affichage, le modulateur de 
lumiere spatial (4, 8, 20, 21 , 34, 44) est dispose en- 
tre I'assemblage de lentille (3, 7, 12, 14, 20, 21 , 33, 
34, 43, 85, 86, 88, 89) et le systeme de combinaison 
optique (9, 29). 
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FIG4. 
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